INTRODUCTION
identified the genetic polymorphism of GC: three phenotypes of GC 1, 2-1 and 2 determinable by two codominant alleles of GC*I and GC*2 are observed together with several variant phenotypes (Johnson et aL, 1975) with the aid of immunoelectrophoresis and immunofixation electrophoresis. Data on the racial and geographical variations of GC allele frequencies have been accumulated and analyzed (Walter and Steegmtiller, 1969; Mourant et aL, 1975 Mourant et aL, , 1976 .
In Japan, geographical clines of the allele frequencies have so far been clarified as to only ABO and GPT (Nei and Imaizumi, 1966; Fujita et al., 1978; Ishimoto and Kuwata, 1974) . According to Omoto (1978) , Aoki's attempt to demonstrate a cline of GC failed. The used data, compiled by Omoto (1975a) , must have lacked those from the Western Japan.
In this study the existence of the geographical cline of GC allele frequencies in Japan is demonstrated with recently published data supplemented, and furthermore the factors of occurrence of cline are discussed.
MATERIALS AND METHODS
The data on the GC allele frequency in the Japanese and the neighboring popu-lations obtained by immunoelectrophoresis were collected from the widely scattered literature.
The existence of geographical cline was demonstrated as was carried out by Nei and Imaizumi (1966) and Fujita et al. (1978) for ABO blood group system. The relationship was examined between the GC allele frequency and distance from Aomori, northernmost part of Honshu Island, to each prefectural capital of populations. Table 1 summarizes the distribution of GC*2 frequency in the Japanese and the neighboring populations. Figure 1 shows the places where samples have been obtained for the examination of GC polymorphism.
RESULTS AND DISCUSSION
The GC*2 frequencies among the Japanese living in main islands of Japan (so-called Wajin) vary from 0.225 in Miyagi to 0.288 in Miyazaki with an average of 0.258. A test is made for homogeneity of the gene frequencies among 12 popu- Table 1 . The relationships between the GC*2 frequency in each population and the distance fromAomori are plotted in Fig. 2 . The correlation coefficient between the frequency and the distance is 0.83068 (t=4.7182, df=10, p<0.001), and the regression equation of the frequency (y) on the distance (x) is y=0.0232x+0.2339. These results show that the geographical clines of GC allele frequencies exist in the Japanese populations, namely the GC*2 frequencies increase gradually towards southern localities. The GC*2 frequencies among the Japanese living in Ryukyu Islands (so-called Ryukuan) range in between 0.249 and 0.369, and are apparently higher than those among Wajin (Omoto et al., 1973) . It appears that the above-mentioned clines extend to Ryukyuan populations. The neighboring populations including the Koreans and the Chinese show rather higher GC*2 frequencies on the whole. The cline found in the Wajin may also reach the Korean and the Chinese populations along other routes.
On the other hand, GC is known to be a carrier protein of vitamin D (Daiger et al., 1975) . Walter and Steegmtiller (1969) have reported that GC*2 frequencies tend to decrease from north to south in the Old World. Mourant et al. (1976) frequency from north to sourth in the Chinese populations (Nakajima and Ohkura, 1971 ) is well-explicable by the above hypothesis. Another explanation may be given that such a cline was formed by gene flow in past spreads of populations acquiring high GC*2 frequency in dull climates.
The findings that in Japan the GC*2 frequencies increase gradually towards sunny climates are not explicable by the natural selection. It should be thought that the occurrence of the cline directly proportioned to the mean intensity of solar radiation is due to the gene flow. Japan Islands are a branch of such migrations. This notion may be supported by the high GC*2 frequencies in the neighboring populations and by the slightly low frequency in the Ainu population, which remains relatively unaffected by the genetic component of the "later" Mongoloid populations due to their geographically peripheral position (Omoto, 1975b) . Eskimos, acquiring high adaptability to cold, have high GC*2 frequencies (Mourant et al., 1975) .
Recently Constans and Viau (1977) succeeded in subtyping the common GC*I allele into two subtype alleles of GC*IF and GC*IS with the aid of polyacrylamide gel isoelectric focusing followed by immunofixation with anti-GC serum. This technique provides us with further informations of the Japanese and the neighboring populations. An analysis of these data is in progress (Yuasa et al., 1983) .
